Abstract. We present a short review of the measurements of the CKM angle γ performed by the BABAR experiment. We focus on methods using charged B decays, which give a direct access to γ and provide the best constraints so far.
Introduction
The angle γ ≡ arg[−V ud V * ub /V cd V * cb ] being one of the least precisely known parameter of the CKM unitarity triangle (UT), much effort is being devoted to improve the precision of its measurement, which would allow to reach more stringent limits on the allowed region of the global CKM fit of the UT [2] . Several methods involving charged B decays have been used. They rely on the same principles (section 2), and only differ in the final state considered. We do not discuss the indirect measurements with neutral B decays throught the measurement of sin(2β + γ). A more detailed review is available in [1] .
Principle of the direct measurements of γ with charged B decays
These methods all rely on B ± → D ( * ) K ( * )± decays. The D ( * ) meson being an admixture of D ( * )0 andD ( * )0 , a decay to a final state accessible to both D ( * )0 andD ( * )0 can proceed either through a b → c Cabibbo and color favored transition or a b → u Cabibbo and color suppressed one. The interference that takes place between these two amplitudes, respectively A(b → c) ∝ λ 3 and A(b → u) ∝ λ 3 ρ 2 +η 2 e i(δ B −γ) , give rise to observables sensitive to γ. Depending on the final state considered for the D, three methods have been proposed: the GLW, ADS, and GGSZ methods. They all present the advantage of being theoretically clean, i.e. free of penguin pollution. Furthermore they have the same three observables in common: the strong and weak phase difference δ B and γ, and the amplitude ratio r B ≡ |A(b→u)| |A(b→c)| . This feature enables to combine the different methods and to obtain better constraints on γ. To each B decay mode DK, D * K and DK * corresponds a set of parameters noted (r B , δ B ), (r * B , δ * B ), (r sB , δ sB ) respectively. These parameters are measured experimentally through CP asymmetries A and ratios of branching fractions R:
3. The GLW method In the GLW method [3, 4] , the D is reconstructed in a CP eigenstate. BABAR measurements [5, 6, 7] use both K + K − , π + π − CP even modes, and (except for the D * K analysis) the three
A CP ± is found compatible with 0 and R CP ± with 1, so that γ cannot be constrained with the GLW method alone. However, from these results one can derive the cartesian coordinates x ± ≡ r B cos(δ B ± γ) and the parameter r 2 B = (R CP + + R CP − )/2. For the DK − channel, BABAR obtains x + = −0.082 ± 0.052 ± 0.018, x − = 0.102 ± 0.062 ± 0.022 and r 2 B = −0.12 ± 0.08 ± 0.03. For the DK * − mode, BABAR obtains x s+ = −0.32 ± 0.18 ± 0.07, x s− = 0.33±0.16±0.06 and r 2 sB = 0.30±0.25. The precision obtained is already competitive with the one of the GGSZ method (section 5), so that the GLW method is useful in the measurement of γ when combining the different methods.
The ADS method
In the ADS method [8, 9] , the D meson originating from the b → c transition is reconstructed in the doubly Cabibbo suppressed K + π − mode, whereas theD coming from the b → u transition decays to K + π − through a Cabibbo favored diagram. Despite the small branching fractions of these decays (O(10 −6 )), their relative amplitude is comparable, hence the interference is large. Since the D is not reconstructed in a CP eigenstate, the decay amplitudes contain two additional observables r D ≡
A(D→K − π + ) , which has been measured precisely (r 2 D = 0.376 ± 0.009), and δ D the difference of strong phase between the two amplitudes, which is unknown. None of the DK, D * K and DK * channels have yielded any signal [10, 11] . No CP asymmetries could be computed. Only upper limits were set for
< 0.045, r B < 0.23, r * B < 0.16). The DK * channel gave R sADS = 0.046 ± 0.032 and r sB = 0.20 ± 0.14. More recently, BABAR also performed the ADS analysis of the [12] , which has higher branching fractions and a smaller r D = (0.214±0.011)%, so that the sensitivity to r B is increased. The additional complication in this case comes from the strong variation of A D and δ D in the Dalitz plane. This channel did not yield any signal, and only upper limits R ADS < 0.039 and r B < 0.19 (at 95% C.L.) were set.
The GGSZ method
The GGSZ method [13] consists in studying three-body decays of the D, and perform a Dalitz analysis to account for the different intermediate states involved in the total amplitude. The 
Dalitz plot is performed using the unbiased and gaussian cartesian coordinates x ± and y ± . From these CP parameters, a frequentist approach based on n-D Neyman confidence regions is used to obtain r B , δ B and γ. BABAR obtains r B < 0.142 and r * B ∈ [0.016 − 0.206] [14, 15] . Combining results from DK and D * K channels gives γ[mod π] = (92 ± 41 ± 11 ± 12) • . The DK * channel does not provide any constraint on γ, and only a loose upper limit κr sB < 0.5 is set. The GGSZ method has also been used to study the [16] . The analysis is similar to the K 0 S π + π − analysis, except that the Dalitz structure is different (it uses 15 resonances) and backgrounds are larger. Even the use of the cartesian coordinates led to non linear correlations, so the fit is performed using the polar coordinates ρ ± ≡ (x ± − x 0 ) 2 + y 2 ± and θ ± ≡ arctan
, where x 0 = 0.85 is a change of variable constant. The results obtained on θ + = (147 ± 23 ± 13) and θ − = (173 ± 42 ± 19) are not precise enough to determine γ. The error obtained on the values of ρ + = 0.75 ± 0.11 ± 0.06 and ρ − = 0.72 ± 0.11 ± 0.06 are small enough to be useful. However not attempt was done to combine these results with the other GGSZ analyses.
Conclusion
The measurement of the unitarity triangle angle γ is very difficult with the current statistics. Among the three methods proposed using charged B decays, the GGSZ analysis of B − → [K 0 S π + π−] D K − decays provides the best contraints on γ so far. The GLW method gives competitive errors on x ± , which is useful when combining the methods. Using neutral B decays to have an indirect measurement of γ helps in tightening the constraint on γ, however these methods suffer from the need of theoretical imputs and statistical limitation. The constraint obtained on γ by combining all these methods and using both BABAR and Belle results is γ = (78 +19 −26 ) • , still far from the global CKM fit not including these measurements, which yields γ = (61.5 ± 8.7) • . 
